Platelet-rich fibrin (PRF) is an autologous material used to improve bone regeneration when associated with bone grafts. It affects tissue angiogenesis, increasing the healing process and, theoretically, presenting potential to increase bone neoformation. The aim of this study was to verify, histomorphometrically, the effects of the association of PRF to a xenograft. Twelve adult white New Zealand rabbits were randomly assigned into two groups containing six animals each. After general anesthesia of the animals, two critical defects of 12 mm were created in the rabbit calvaria, one on each side of the sagittal line. Each defect was filled with the following biomaterials: in the control group (CG), xenograft hydrated with saline solution filling one defect and xenograft hydrated with saline solution covered with collagen membrane on the other side; in the test group (TG), xenograft associated with PRF filling the defect of one side and xenograft associated with PRF covered with collagen membrane on the other side. After eight weeks the animals were euthanized and a histomorphometric analysis was performed. The results showed that in the sites that were covered with collagen membrane, there was no statistically significant difference for all the analyzed parameters. However, when comparing the groups without membrane coverage, a statistically significant difference could be observed for the vital mineralized tissue (VMT) and nonmineralized tissue (NMT) parameters, with more VMT in the test group and more NMT in the control group. Regarding the intragroup comparison, the use of the membrane coverage presented significant outcomes in both groups. Therefore, in this experimental model, PRF did not affect the levels of bone formation when a membrane coverage technique was used. However, higher levels of bone formation were observed in the test group when membrane coverage was not used. Author Contributions: Conceptualization, P.W.M. and A.C.A.; data curation M.L.T. and A.A.P.; formal analysis P.W.M. and A.C.A.; funding acquisition, M.L.T. and A.A.P.; investigation P.W.M. and A.A.P.; methodology, P.W.M. and A.A.P.; project administration A.C.A. and L.G.S.d.M.; resources M.L.T. and C.A.P.J.; software, P.W.M., J.M.A., and L.G.S.d.M.; supervision M.L.T. and J.M.A.; validation, J.L.C.-G. and J.M.A.; visualization A.C.A. and A.A.P.; writing-original draft preparation, A.A.P. and J.M.A.; writing-review and editing J.L.C.-G. and A.A.P. Funding: This research received no external funding.
Introduction
Among the determining conditions for implant placement in their ideal prosthetic position, the presence of sufficient bone volume is still a determining factor for surgeons [1, 2] . In such cases where this volume is insufficient, procedures for bone tissue reconstruction have been described in the literature with satisfactory results by guided bone regeneration technique or onlay block bone grafts. For adequate bone regeneration, the presence of viable bone cells is mandatory and, therefore, if the recipient bed cannot provide these cells to the graft material, it must contain viable bone cells by itself [3] . In this scope, autogenous bone grafts are still considered the gold standard for such procedures, in view of their biological potential (i.e., osteogenic, osteoinductive, and osteoconductive properties). However, the disadvantages associated with the procedure for harvesting grafting material have led professionals to seek new alternatives for bone reconstruction [4] . Time of procedure and postoperative discomfort, such as pain, edema, and bleeding, are some of the reported morbidity issues. Moreover, the amount of tissue available in the donor region and the quality can significantly influence the final outcome of the reconstruction [4] . Due to these factors, the search for substitute materials that could conduct bone formation has increased significantly. Different biomaterials have been described as alternatives for autogenous bone, such as allogeneic, xenogeneic, and synthetic bone grafts [5] . However, the possibility of immunological reactions and the quality of newly formed tissue have been the subject of discussion due to their low density, compromising, in some clinical situations, the initial stability of implants and consequently, osseointegration [6] . The association of xenogeneic biomaterials with bone marrow-derived stem cells in reconstruction of critical defects has shown good results in experimental animal models with satisfactory vital mineralized tissue formation [7, 8] . Similar associations performed in maxillary sinus floor elevation and horizontal bone augmentation procedures demonstrated better results in the formation of a vital mineralized tissue [9, 10] . Nowadays, the nanotechnology is also collaborating with the tissue engineering field by developing more adequate scaffolds that can be associated with stem cells and signaling molecules. This triad has a high potential for several types of tissue construction [11] . However, the method of collecting and processing such cells is considered critical and high cost, which does not always make it possible to be performed in a clinical environment.
In contrast with stem cells approaches, platelet-rich fibrin (PRF) represents a simple "chair side" technique of platelet concentrates, first described in the literature to improve tissue regeneration and accelerate the healing process in surgical procedures [12] [13] [14] . It consists of a dense fibrin network, after collecting peripheral blood by simple venipuncture, containing leukocytes and platelets, which secrete important growth factors for the regenerative process, such as platelet-derived growth factor (PGDF), vascular endothelial growth factor (VEGF), and transforming growth factor beta (TGF-β). These growth factors act in the processes of angiogenesis, reepithelization, and extracellular matrix formation. Some studies report that such growth factors may be released over a period of up to 28 days. In addition, important adhesive proteins such as fibronectin and vitronectin are also secreted in PRF concentrates [12] . Regardless, studies have shown the possibility of associating PRF with bone substitute biomaterials [13, 14] ; the association of xenogeneic grafts with PRF in bone reconstructions of critical defects is scarce in the literature. Thus, the aim of this study was to analyze the association of platelet-rich fibrin with xenogeneic graft in critical defects in rabbit calvaria through histomorphometric evaluation. The null hypothesis of the present study is that the use of PRF would not result in higher levels of bone formation.
Materials and Methods
Twelve adult male New Zealand rabbits between 10 and 12 months of age, with an average weight of 3.5 kg, were selected. The animals were adapted for the environment and then kept in individual cages with controlled temperature between 18 • C and 20 • C and food and water ad libitum. In all animals, general anesthesia was induced by ketamine (40 mg / kg), midazolam (2 mg/kg), and fentanyl citrate (0.8 mg/kg). Maintenance was performed by a mixture of (isoflurane/N 2 O [1:1.5%]):oxygen [2/3:1/3] using a pediatric laryngeal mask airway. This study was analyzed and approved by the Research Ethics Committee of the São Leopoldo Mandic Dental School, Campinas, SP, Brazil (process 0191/14). 
Experimental Design
Two circular critical bone defects were performed using a 12 mm external diameter trephine drill (Neodent, Brazil) in the calvaria of the 12 rabbits, totaling 24 defects, distributed in two groups: test group (TG) n = 6, in which the mixture of platelet-rich fibrin (PRF) and xenograft was used as filler; and control group (CG) n = 6, in which only saline solution was used in association with xenograft to fill the defects. The animals were randomly inserted in CG or TG using the tool provided in the website www.randomization.com. The biomaterials used in this study were: Bio-Oss ® (Geistlich Biomaterials, Wolhusen, Switzerland) xenograft, a particulate bovine mineral matrix with granules between 0.25 mm and 1 mm; Bio-Gide ® (Geistlich Biomaterials, Wolhusen, Switzerland), a porcine resorbable bilaminar collagen membrane; and platelet-rich fibrin, obtained from the centrifugation of the autologous blood of each animal ( Figure 1 ). Two circular critical bone defects were performed using a 12 mm external diameter trephine drill (Neodent, Brazil) in the calvaria of the 12 rabbits, totaling 24 defects, distributed in two groups: test group (TG) n = 6, in which the mixture of platelet-rich fibrin (PRF) and xenograft was used as filler; and control group (CG) n = 6, in which only saline solution was used in association with xenograft to fill the defects. The animals were randomly inserted in CG or TG using the tool provided in the website www.randomization.com. The biomaterials used in this study were: Bio-Oss ® (Geistlich Biomaterials, Wolhusen, Switzerland) xenograft, a particulate bovine mineral matrix with granules between 0.25 mm and 1 mm; Bio-Gide ® (Geistlich Biomaterials, Wolhusen, Switzerland), a porcine resorbable bilaminar collagen membrane; and platelet-rich fibrin, obtained from the centrifugation of the autologous blood of each animal (Figure 1 ). 
Preparation and Application of PRF
After the general anesthesia of the rabbits (test group), a 10 ml blood sample was collected from the ear vein of each animal with a 40 × 10 needle and a 20 ml luer syringe (BD ® Sigma-Aldrich Brasil Ltda, 0800-7277292, Sao Paulo, Brazil). The sample tubes without anticoagulant were arranged in the opposite position in the Intra-Spin L-PRF Centrifuge (Intralock, Germany), which was used for 10 minutes at a speed of 3000 rpm. The fibrin clot was removed from the tube with the aid of clinical tweezers ( Figure 2 ), and after its removal the red portion was separated and discarded and the white portion was left for 10 min on a perforated metal surface to drain the remaining liquids. Due to the fact that it was a solid material, the obtained PRF was chopped into approximately 3 mm portions using surgical scissors so that it could be mixed with the particulate xenograft ( Figure 3 ). 
After the general anesthesia of the rabbits (test group), a 10 ml blood sample was collected from the ear vein of each animal with a 40 × 10 needle and a 20 ml luer syringe (BD ® Sigma-Aldrich Brasil Ltda, 0800-7277292, Sao Paulo, Brazil). The sample tubes without anticoagulant were arranged in the opposite position in the Intra-Spin L-PRF Centrifuge (Intralock, Germany), which was used for 10 min at a speed of 3000 rpm. The fibrin clot was removed from the tube with the aid of clinical tweezers ( Figure 2 ), and after its removal the red portion was separated and discarded and the white portion was left for 10 min on a perforated metal surface to drain the remaining liquids. Due to the fact that it was a solid material, the obtained PRF was chopped into approximately 3 mm portions using surgical scissors so that it could be mixed with the particulate xenograft ( Figure 3 ). 
Biopsies Collection
All animals were euthanized by anesthetic overdose eight weeks after surgery. To collect the parietal bone samples, incision and a mucoperiosteal flap were performed, followed by the removal 
All animals were euthanized by anesthetic overdose eight weeks after surgery. To collect the parietal bone samples, incision and a mucoperiosteal flap were performed, followed by the removal of approximately 20 mm 2 of bone containing the grafted healed area. The osteotomy was performed with a 701 drill (Tri-Hawk, Morrisburg, ON, Canada) adapted to the electric motor handpiece used in the previous phase. 
Histologic and Histomorphometric Analysis
The samples were fixed in 10% buffered formalin for 48 h. They were then treated with 10% EDTA solution for decalcification for one hour. Histological analysis was performed on the central portion of the bone biopsies and after histological treatment, 7 µm sections of each specimen were obtained and stained with hematoxylin-eosin and examined by light microscopy (Figure 4A,B and Figure 5A,B) . Microscopic images were captured using a CCD digital camera (RT Color; Diagnostic Instruments, Sterling Heights, MI, USA). Images were analyzed using Image Pro Plus 4.5 software for Windows (Media Cybernetics, San Diego, CA, USA). The evaluated parameters were: (1) nonvital mineralized tissue (NVMT); (2) vital mineralized tissue (VMT); and (3) nonmineralized tissue (NMT). Connective tissue, bone marrow, blood vessels, and adipose tissue (i.e., all tissues that cannot be considered as a mineralized tissue) were considered NMT. Mineralized tissues (stained in darker pink) were considered vital (VMT) when osteocytes were present and nonvital (NVMT) when osteocytes were absent. All results were measured in µm 2 and expressed as a percentage of the total area. of approximately 20 mm 2 of bone containing the grafted healed area. The osteotomy was performed with a 701 drill (Tri-Hawk, Morrisburg, ON, Canada) adapted to the electric motor handpiece used in the previous phase.
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Statistical Analysis
The software SPSS-V17 (SPSS Inc. 233, Chicago, IL, USA) was used to analyze all quantitative data. The Kruskall-Wallis test was used to compare groups for each TMNV, TMV, and TNM variable. The Wilcoxon test was used to compare the results obtained with and without membrane coverage. The value of p ≤ 0.05 indicated statistical significance.
Results

Histomorphometry
Comparing the test and control groups (intergroup comparison) in sites that were covered with collagen membrane, there was no statistically significant difference for all the analyzed parameters. However, when comparing the groups without membrane coverage, a statistically significant difference could be observed for the vital mineralized tissue (VMT) and nonmineralized tissue (NMT) parameters, with more VMT in the test group and more NMT in the control group. Regarding the intragroup comparison, the use of the membrane coverage presented significant outcomes in both groups, with a higher level of VMT and lower level of NMT (Table 1 ). 
Discussion
Autogenous bone grafts are still considered the biological "gold standard" for the reconstruction of critical defects, but the morbidity associated with material collection is the major disadvantage factor. Thus, the search for increased osteogenic capacity of xenogeneic bone substitute biomaterials has been verified in several preclinical and clinical studies [7, 8, 15] . These studies were conducted to contribute with scientific evidence that xenogeneic biomaterials, although acellular, could acquire osteogenicity when associated with biological tissues and/or cells, and not just osteoconduction [16] . Therefore, some highly cellularized biological tissues, such as fresh and centrifuged bone marrow, as well as bone marrow and adipose tissue stem cells, have been associated with xenogeneic bone grafts to analyze the amount of vital mineralized tissue (VMT), that is, the newly formed bone, in experimental animal models-more specifically, models of critical defects in rabbit calvaria, similar methodology to that used in this study [7, 8, 17] . Such studies have shown results of increased amount of newly formed tissue due to the association of fresh biological tissue or the use of adult mesenchymal stem cells with xenogeneic biomaterial. However, despite promising published results, a relevant problem still lies in the degree of morbidity associated with bone marrow collection, in addition to its preparation, which must be performed within a hospital environment, increasing the cost and working time [8] . In contrast, the use of venous blood products has some advantages, such as easy collection, low cost, and possibility of being performed in a clinic environment [18] . Platelet-rich fibrin (PRF) is a peripheral blood derivative obtained by centrifugation and consists of a dense matrix of fibrin, rich in growth factors, leukocytes, and adhesive proteins, important in the healing process, accelerating vascularization and subsequent tissue regeneration. Despite these relevant properties, the isolated use of PRF has not shown significant results in previous studies, which is major reason the present study used it in combination with a mineralized xenogeneic biomaterial in critical defects in rabbit calvaria, a methodology that had not yet been verified with caution in the literature with the use of PRF.
Based on methodology previously published in an experimental animal model by Pelegrine et al. (2014) [7] and Aloise et al. (2015) [8] , in this study we decided to use a porcine collagen membrane to cover one of the two critical defects produced in animal calvaria, with the intention of establishing an analysis from the perspective of guided bone regeneration [19] . Thus, it was possible to establish correlations between the usage, or not, of PRF, as well as the use, or not, of collagen membrane (i.e., guided bone regeneration concept). In this study the values for VMT in the control group (CG) and test group (TG) on the side without the membrane coverage were 6.56% ± 0.08% and 9.52% ± 0.60%, respectively, with statistical difference (p < 0.05). Values for the membrane-covered side were 13.29% ± 0.16% and 13.88% ± 5.68% respectively for CG and TG, with no statistical difference (p > 0.05). For NMT, the values for the control group (CG) and test group (TG) on the side without the membrane cover were 80.34% ± 0.05% and 73.74% ± 3.48%, respectively, with statistical difference (p < 0.05). Values for the membrane-coated side were 73.21% ± 0.12% and 68.24% ± 5.05%, respectively, with no statistical difference between them (p > 0.05). The level of NMT was higher in CG without membrane coverage and lower in TG with membrane coverage, which can be clearly noticed in Figures 4 and 5 . These results demonstrate that the addition of PRF cell components to particulate bone grafts allows an increase in the amount of newly formed bone and a decrease in nonmineralized tissues, only when a membrane related to the guided bone regeneration technique is not used. However, when the membrane was used, the usage of PRF did not reflect any change in the mineralization pattern, corroborating the findings of Bolukbasi et al. (2015) [13] . A possible hypothesis for this finding is that PRF in the control group may have performed some bioactive barrier function to peripheral fibroblasts, but without overcoming the barrier role of the collagen membrane used in this study. Therefore, it is important to state that the membrane technique may be the choice used in therapeutics.
When the values of VMT obtained in this study are compared with the results obtained by Aloise et al. (2015) [8] and Pelegrine et al. (2014) [7] , who made use of the same experimental model of the present study (i.e., critical bone defect produced in rabbit calvaria), the values of this study are lower. This may indicate that the stimulation caused by PRF is less than that generated by fresh bone marrow, centrifuged bone marrow, and bone marrow stem cells, which may be linked to the fact that bone marrow and bone marrow-derived stem cells have higher affinity for bone tissue than venous blood cells used for PRF production. In this study, the analysis of the amount of nonvital mineralized tissue (NVMT), which represents the residual particles of the xenogeneic graft, showed no statistical difference between CG and TG, with or without collagen membrane coverage. This shows that the level of resorption of xenogeneic graft has not significantly changed, regardless of whether or not the concept of guided bone regeneration was used. This finding may be related to the fact that the biomaterial used in this study was a bovine hydroxyapatite, which presents a very slow resorption pattern [20] . However, it is reasonable to consider that in the test group, probably, the amount of bovine hydroxyapatite used was smaller, since PRF seems to occupy significant volume between bone particles (data not shown).
Conclusions
Based in this experimental model we can conclude that:
(1) Platelet-rich fibrin does not result in higher levels of bone formation when a guided bone regeneration technique (i.e., with membrane coverage) is used. (2) The usage of the collagen membrane has a synergistic effect on bone healing when associated with a xenograft. (3) Platelet-rich fibrin may increase the level of newly formed bone only in bone grafting procedures using xenograft without collagen membrane coverage.
